that the new nervous system arises in continuity with the old. At the suggestion of J. LOEB in 1900 , I undertook the study of the internal conditions in the regenerating" organism1). I showed that for specific regeneration to occur in a wholly or partially isolated piece of this planarian, a portion of the central nervous system and a portion of the intestinal system of the worm must be contained in the piece. The nervous system tends physiologically to polarize the piece and to give rise to the regeneration of the new nervous system, while the intestinal system serves as a nutritive centre to which the newly regenerated parts bear certain fairly definite relations. The importance of the part played by the nervous system has since been more clearly emphasized in a valuable contribution by F. R. LILLIE 2).
)/[ORGAN, on the other hand a) says, ~I can state that a new brain develops (in lateral slips) even when none of the lateral cord is present,,. I have made numerous experiments, not only upon Planaria maculata, but also upon _P. lugubris, t)hagocata gracilis and Dendrocoelum lacteum, in order to test the power of slips, wholly or partially isolated by a longitudinal cut made lateral to one of the nerve cords, to regenerate a new head. My results have been uniform. Such slips, if wholly isolated, live but a few days and give rise neither to a new pharynx nor to a new head. If partially isolated by a cut passing' in a posterior direction the slip heals over and remains a mere passive appendage (see the slip at the right of Fig. 13 D) . Neither MO•GA• 4) nor LILLIE 5) thinks that the intestinal system plays so essential a role as I ascribed to it in the paper referred to above. Their criticism is due in part to the fact that although I recognized that mutual relations exist between the intestinal system and the other parts of the organism, each exerting an influence upon the growth of the other, I was led, for the sake of clearness, to treat the subject from the standpoint of the intestinal system, and thus perhaps seemed to place undue emphasis upon the part it plays. This topic I have discussed in a recent paper6). I have also conl) BAI~DEEN, On the physiology of the Planaria maeulatc~ with especial reference to the phenomena of regeneration. The American Journ. of Physiology. V. p. 1. 1901 .
2) F. R. LmLm, Notes on regeneration and regulation in planarians. sidered in this latter article the subject of histogenesis in the embryo and in regeneration in Planaria maculata. The conclusions which I reached in regard to regeneration are there stated as follows:
1) In regeneration new ectodermal cells arise from the old by direct division. The new nerve cells, intestinal cells, and possibly also the muscle cells, seem likewise to arise fi'om pre-existing cells by direct division. It is possible~ however, that these tissues may spring from large cells of embryonic type situated in the parenchyma. From the latter the other tissues mainly arise.
2) Polarity is determined by that portion of central nervous system contained in the piece.
3) The new pharynx arises posterior to the region into which the intestinal contents are forced by general muscular contraction and in response to stimuli arising from this region.
4) A new head is regenerated only in tissue produced at a cut surface and with definite axial relations to that surface. The direct stimulus to head-formation arises from an exposed chief-coordinating region of the central nervous system. The head is formed with radial symmetry about the tip of the main intestinal branch extending to the cut surface in the vicinity of the exposed nervous system. 5) After the pharynx and head have been differentiated the activities tending to restore the piece to a worm of normal form and proportions, become especially marked. 6) During regeneration highly differentiated tissues are destroyed unless they may be directly utilized in the formation of new parts.
The pro'pose of the following article is to show how these generalizations may be applied to heteromorphosis and kindred phenomena in planarians.
Heteromorphic Regeneration of Heads1).
If the anterior region of the body of a planarian be removed by a V-shaped cut, the apex of the V pointing towards the head, two heads will often be produced, one on each cut surface. Here we have an entire head regenerated to supply the place of half a head removed. In a previous article 2) I have shown that the new heads 1) I shall use the term *heteromorphosisr in the broad sense which the term itself implies and which is covered by the definition originally given to it by Lo~,~.
2) op eit, American Journ. of Anatomy. 1901. p. 40.
1"
are formed symmetrically about the tips of chief intestinal branches extending to the cut surface from the pharyngeal region of the intestinal system. The stimulus to bra~n formation arises on each side from the exposed extremity of a lateral cord. At other times a single head is formed symmetrically about the tip of the chief median branch extending anteriorly from the pharyngeal region. When, therefore, heteromorphosis occurs after making the cut above mentioned, it is because the lateral intestinal branches offer a stronger It is not difficult to tissue. Thus, if the cut stimulus (probably nutritive in nature) to localization of new heads than that offered by the median branch.
An interesting variation of the experiment of producing double heads just mentioned may be performed as follows:
If the cut a-b-c-d (Fig. 1 A) be made" so as to leave a tail piece, b-c-d-e, with an appended anterior lateral slip, a-b, containing none of the lateral nerve cord, the lateral slip will bend over and fuse, as shown in Fig. 1 B. New heads will be formed on the cut surfaces, b-c, c-d, much as if the lateral slip a-b were not present. Usually, a single head will be formed with the tip of the axialgut at c as its centre of nutrition. But occasionally two new heads will be formed, one on each cut surface, as shown in Fig. 1 C. The effect which the lateral slip a-b exerts on the process seems to be merely that of mechanical hindrance.
get a head to form posterior to a ring of a-b-c-d (Fig. 2 A) , be made so that the two 1) In this and in the following figures the outlines of the intestines as seen in the living specimen are shown by serrated lines. The pharynx is shown in simple outline. The central nervous system is schematically represented by a dense mass of lines. When this representation is based upon a reconstruction obtained by a study of serial sections of the specimen illustrated, a note to that effect is made. In other cases the outlines of the central nervous system are based upon a study of sections of a specimen similar to that illustrated. The eyes are shown by lar~'e black dots. 5~ewly formed tissue, when distinctly demarcated in the specimen, is represented by stippling.
anterior slips contain no part of the lateral nerve cord~ the slips will fuse so as to give rise to the condition shown in Fig. 2 B~ and later a head will form on the cut surface b-c, much as if the fused lateral slips were not present. As a head of this kind develops, it projects dorsally and gradually extends forward over the ring of tissue formed by the lateral slips. The process here described is probably not to be classed as one of heteromorphosis, although the resulting individual is most abnormal in form.
On theoretical grounds I assumed that it would be easy to get a new head formed within the center of the body by removing a large block of tissue so that the anterior and posterior regions of the piece should be separated by an area containing neither nerve cords nor intestinal branches. As a matter of experience it has proved, however, exceedingly difficult to bring about this phenomenon~ owing to the wonderful healing' powers of the planarian. After a very large area has been removed from the centre of the body, these healing processes usually soon serve to put into continuity the intestinal and nervous systems of the two parts. The muscular apparatus plays a great Part in bringing this about. If muscular attachment be left merely on one side, as shown in Fig. 3 , it will not, as a rule, suffice to bring the cut surfaces in contact, and the result is a doubleheaded form.
However, in one instance by using a short cross piece and cutting out a large area, I have been able to get a new head formed in the middle of the body, as shown in Fig. ~ . The stimulus to the formation of the new head here. was derived from the right nerve cord of the posterior segment of the piece. Double-headed specimen produced by cutting off the old head and exsecting a considerable portion of the centre of the body, including sections of both nerve cords at that level.
The centre of nutrition for the newly formed head was the anterior extremity of the in-testinal apparatus of the same region. There was a single pharyngeal anlage with three incompletely formed pharynxes.
MoRoA~ has shown that two heads may arise at the side of a lateral slip ). I have been able to get three heads to form on a lateral slip, and doubtless with great care an individual with four or more heads might be produced. The method used is to make a cut so that the lateral nerve cord is divided into three segments ( stem contained in each of the segments of the slip. Each new head is formed symmetrically about the extremity of the main intestinal branch extending from the intestinal apparatus of the segment to the cut surface in the vicinity of the exposed portion of the nerve cord. Whether or not we are to consider this process as one of heteromorphosis, depends upon the point of view. In lateral slips, however, undoubted heteromorl)hosis may. occur. Thus, in Fig. 6 B, is shown a double-headed form obtained from a slip isolated by the cut shown in Fig. 6 A, a-b.
At the posterior extremity of the anterior segment, an eye, shown t) MORGAn, Regeneration. p. 14. at x, indicates the partial formation of a heteromorphic head. In Fig. 6 C is shown a specimen regenerated after making the cut c-d, Fig. 6 A. A partial head with a single eye is formed at each extremity of the nerve cord of the posterior segment and between the two heads is a pharynx pointing towards the junction of the two heads. The partial formation of a new head about the posterior extremity of the nerve cord of the posterior segment may be due to factors which will be discusses later in connection with axial heteromorphosis posterior to the pharyngeal pocket.
When there is but a short piece of the lateral cord contained in the slip, as in that isolated by the cut a-b, Fig. 7 A, the head forms opposite the area containing the cord. The anterior and postcrier ends of the slip bend in and become fused with the area where the new head is formed (Fig. 7 B) . Three or four eyes are often developed in heads of this sort. A pharynx may or may not be developed, according, apparently, to the size of the piece. As MORG~ has suggested, the formative material present in the piece may all be used up in the formation of the new head.
1) There is a possibility that the lower head arose fl'om the more anterior portion of the slip and that the position of the slip relative to (Fig. 7 C) .
VAN DUYNE showed 1) that if a planarian be split in the median line well up into the head region~ a new head may be formed on the cut surface of one or both sides near the anterior extremity of the cut. At times a single head directed posteriorly may be formed in the angle of the cut. In a previous paper ~) I have shown that the new heads on the lateral surfaces are formed when the cut has destroyed the continuity between the intestinal system of the lateral areas and that of the head. The anterior extremity of the intestinal system of the lateral slip serves as the nutritive centre about which the new head is developed. When in addition the continuity of the lateral nerve cord is destroyed 7 as it probably is when the cut is made at one side~ as in the instance mentioned by MOI~GAN3), the anterior extremity of the lateral nerve cord contained in the slip probably serves as the immediate stimulus to head-formation. But when the cut is made directly in the median line: it seems probable that the large commissural nerves exposed on the cut surface serve to stimulate the formation of new heads. The internal relations of nervous system and intestinal system to the single head sometimes developed in the angle of the cut have not been determined.
MORGAN would limit the term heteromorphosis, as applied to regeneration in planarians, to axial heteromorphosis, and thereforedoes not consider the production of new heads just mentioned instances of heteromorphosis. He: however~ has discovered two most interesting instances of axial heteromorphosis.
The first is that of the production of a new head posteriorly directed on a head-piece of P. lugubris removed by a cut made immediately back of the eyes4). I have been able to repeat this experiment of MORGAN'S with complete success. MORGAN offers no explanation of the phenomenon, and says that it is not due to the exposure of the brain at the cut surface, oIf by brain he means the chief brain-eommissure~ MORGAN is correct. It must be remembered~ however, that in this species of planarian the olfactory pits extend for a considerable distance posterior to the region of the eye, and that the nerve cords are greatly developed in the region where the olfactory nerves enter. In addition, between the cords at this level the eommissural nerves are numerous and large. In making a cut immediately posterior to the eyes, it is therefore possible that the chief coordinating centre of the central nervous system is exposed and that the nervous system anterior to this level tends to be centred towards it. If this be true, stimulus to head-formation here corresponds to stimulus to head-formation in other cases of regeneration. As in the other cases, the head is symmetrically formed about a chief branch of the intestinal system. In Den&'ocoelum lacteum, Phagocata graeilis and Planaria maculata, in which the olfactory organs are situated well forward, a short head piece seldom or never gives rise to a heteromorphie head. In the two former species I have been unable to obtain it. In Planaria maculata I have obtained it in one instance out of over a hundred experiments. MORGA~ has obtained it in one instance 1). The underlying factors here are undetermined. Axial heteromorphosis in cross-pieces obtained from the anterior region of the body of P. maculata is also exceedingly rare. The specimen illustrated in Fig. 24 of my previous article 2) belongs probably to this class. What stimulated the production of a posteriorly directed head in this instance cannot be determined from the data at hand.
MoRc, A~r however, discovered that in Planaria maeulata axial heteromorphosis is not infrequent in the region immediately posterior to the pharyngeal poeketa). After cutting individuals of this species into numerous cross-sections, he found ,,that the only pieces that produced a head at the posterior end, as well as at the anterior end, were those taken just behind the old pharynx in the region of the reproductive pore,,. He sectioned four such specimens. ,,In three of these no pharynx was present, but parts of the old reproductive organs were present in the middle of the pieces; in the fourth a pharynx was present, but the pharyngeal chamber did not opep to the exterior., I have not found axial heteromorphosis in cross-pieces taken from a region entirely posterior to the pharyngeal pocket. On the other hand, in over ninety per-cent of short cross-pieces, in which the mouth of the old pharyngeal pocket occupied about the centre of the ventral surface of Fi~. 8.
Hetnromorphosis in the region immediately posterior to the pharyngeal pocket. A cross-piece which regenerated two heads.
The figure at the left shows the cross-piece soon after removal. The tip of the pharyngeal pocket is outlined, The figure at the right shows the specimen as iL appeared one week later. B a similar cross-piece on which only an anterior head developed. G cross-piece with two heads and two incomplete pharynxes. D cross-piece with two heads and no sign of a pharynx. E cross-piece which regenerated a head at ~he posterior end only~ and a pharynx in conjunction with this head. The figure at the left represents the piece soon after removal; that at the right, one week later, the cross-piece, successful results were obtained. Most of my experiments were conducted on sexually immature specimens of Planaria maculata. In specimens obtained from these animals, in the great majority of instances, a new, complete head was regenerated at both the anterior and posterior cut surfaces, and a new pharynx was regenerated in conjunction with the anterior head (Fig. 8 A) . Much less commonly a new head and pharynx were regenerated at the anterior end and a new tail at the posterior end (Fig. 8 B) . Sometimes an attempt was apparently made to regenerate a new pharynx in conjunction with each of two new heads, and an
Fig. 9.
Heteromorphosis in an oblique cross-sectiom A method of making cut; B resulting individual.
irregular pharyngeal complex was the result (Fig. 8 C) , at other times two new heads were formed but no pharynx (Fig. 8 D) . Rarely, a new head and pharynx were regenerated at the posterior end and a new tail at the anterior end (Fig. 8 E) . In none of the specimens I examined were there two well formed pharynxes, one for each head. Heteromorphosis may also be obtained in oblique-cross pieces from this region, as shown in Fig. 9 .
Cross-pieces isolated from specimens of Planaria maeulata containing reproductive organs in a state of retrograde metamorphosis give results similar to those obtained above with sexually immature individuals. I have not tried the experiment on specimens at the height of sexual maturity. Like MORGAS, I have been unable to obtain heteromorphosis in this region in P. lugubris. i It is probable that the formation of a heteromorphic head on cross-piece of t ). maeulata isolated as shown above, is to be explained as follows: Between the pharyngeal pocket and the region of the genital pore, or what corresponds to this region in sexually immature specimens, the nerve cords are somewhat better developed than at the posterior extremity of the pharyngeal pocket. This higher development is difficult to demonstrate anatomically, but it seems to me that it can be made out in horizontal sections. It may be associated with the tendency in P. maeulata Fig. 10 . to fission in this region. This more highly developed //-area of the nerve cords acts as a chief-coordinating I' centre for the area between the pharyngeal pocket and the ~genital~ region. On the other hand, any given level of the nerve cord anterior to the posterior end of the pharyngeal pocket serves as the chief centre of coordination for the area between it and the tip of the pharynx. When a cross-piece is taken from the region mentioned above, there is Experiment to determine the influence of au axial exposed at its anterior cut surface a chief centre intestine in regeneration for coordination of the piece back to the month of at a level immediately posterior to the ]pharynx. the pharyngeal pocket, and at the posterior sur-A~reaofti,s,eremeved.
B axial intestine formed.
face a chief centre of coordination for the area Th!ongh the line a-b the forward to the pharyngeal pocket.
When the worm was divided. anterior area exceeds the posterior by a certain amount, the coordinating power possessed by the anterior region of the nerve cords is sufficient to inhibit that at the posterior end, and a new posterior head is not formed.
In discussing the factors underlying heteromorphosis, Mo~G~t~ says, ~There was nothing in the presence of the digestive tract to give a clue as to the cause of the development of the heteromorphic head. It is true that the branches of the digestive tract were united behind, but this in itself furnishes no proof that such a union can account for the result,-it is very improbable that a heteromorphie head would appear if whole worms were cut through in this region.,, In these conclusions I agree with MOr~GA~. If a worm be divided by a cut passing across the body between the mouth of the pharyn-gem pocket and the area of the genital pore, no new head will be regenerated on the posterior cut surface of the anterior piece. Furthermore, if a block of tissue be removed posterior to the pharyngeal pocket (Fig. 10 A) the cut ends of the main posterior rami will become anastomosed so as to give rise to a single intestinal branch (Fig. 10 B) . If now the cut a-b be made, no new head will be formed on the posterior cut surface of the anterior piece.
In the preeeeding experiments heteromorphic heads were formed at the posterior ends of short pieces of the parent worm. But it is not necessary for axial heteromorphosis that the Fig. 11 .
regenerating piece be a short one. The following experiments show this. After removing the posterior extremity of ' ~ a worm by a cut which passed from the left
~'!\
side into the pharyngeal pocket, and then posteriorly for some distance, and finally out at the right side, a new head developed at the posterior extremity of the posterior slip, as shown in Fig. 11 . The development of a head here ~f~, ,.~_~ ~. [ was probably due to the presence at the cut surface of an especially developed portion of the right nerve cord. The influence of this ~" cord was exerted as in short cross-pieces from this region, and was not overcome by the main central nervous system, as it is when the worm is divided by a transverse cut immediately Axial heteromorphosis at the posterior to the pharyngeal pocket. posterior end. of an individual intact anteriorly.
The experiment illustrated in Fig. 12 is still more interesting because an individual of completely reversed polarity was obtained. On July 9 tu (1902) a piece of tissue was removed, as shown in Fig. 12 A. The specimen healed so as to present the appearance shown in Fig'. (Fig. 12 D) . The parent worm regenerated nothing at the cut surface e-f (Fig. 12 C) .
The new individual now had a polarity the reverse of the parent worm. It was fed and developed into a normal individual. It was then divided by transverse cuts~ and on the cut surfaces regeneration took place as in a normal worm, that is~ with a polarity reversed with respect to the original parent worm, but of the same nature as the individual from which the pieces were directly derived.
The heteromorphosis just described was probably due primarily to the nervous systems In the region of the line a-b, the cut anterior end of the posterior portion of the left nerve cord terminated ( Fig. 12 A and   B) . It is therefore likely that a chief coordinating area of the nervous system was set up here and that when the cut a-b (Fig. 12 B) was made the coordinating Fig. 12 .
Reversed polarity. A shows the area of tissue removed from the worm; B posterior extremity after the cut surfaces healed; 0 heteromorphie head and pharynx: /) individual with polarity reversed with respect to the parent piece.
centre served to govern the region intermediate between it and the main body of the worm. As a matter of fact the movements of the parent worm were not coordinated with those of the posterior piece.
In discussing heteromorphic heads I have referred at times to heteromorphic pharynxes developed in conjunction with them. I shall now take up briefiy the development of multiple pharynxes. Light may thus be thrown upon the factors giving rise to the formation of new pharynxes.
Multiple Pharynxes.
When a lateral slip is partially isolated by a cut passing towards the tail, a new head is developed on the anterior extremity of the slip if it contains a portion of the lateral cord, and a new pharynx is regenerated in conjunction with the slip if the cut passes posterior to the base of the old pharynx. With this in mind it is possible to produce specimens with several pharynxes. In Fig. 13 are illustrated four such instances. A shows a specimen in which a new pharynx has developed in a lateral slip partially isolated posterior to the pharynx; B, a similar specimen in which the lateral slip is proportionately larger; C~ a specimen in which two pharynxes are developed in a general pharyngeal anlage; and D~ a specimen with three pharynxes. In all of these instances it will be seen that the new pharynxes developed in areas posterior (with respect to the associated head) to the regions toward which on general muscular contraction the intestinal contents tended especially to be forced. Double pharynxes may also form in specimens with a single head. This may readily be bought about by partially dividing a specimen by a cut passing in the median line towards thehead, and extending beyond the site of the old pharynx. Intestinal contents here tend to be forced into areas in each half of the body 1).
Somewhat rarely~ two or more pharynxes may be formed within areas of the body not thus disassociated. In Fig. 14 A is shown an instance in which a region of the body which included the base of the pharynx, was removed. One new pharynx was regenerated i.n the old pharyngeal pocket, and another at the posterior end of the old axial gut. Fig'. 14 B shows one of several instances which I have noticed in which two pharynxes were formed in the median line. pictured an instance in which two pharynxes were developed with bases near one another 1). In Fig. 16 A another instance is shown. Not very infrequently two pharynxes may be formed, side by side, in the same pharyngeal pocket. In all of these instances we may assume that on generally body-contraction the intestinal contents tended to be focalized towards two areas instead of one.
In discussing the regeneration of heads in lateral slips I called attention (see p. 7, Fig. 6 C) to the formation of an incomplete pharynx between two incomplete heads. At first sight it might seem that in its formation this pharynx could not have arisen through the usual response to intestinal stimuli. It will be noted, however, that A piece two days after dividing paren+~ worm ; B five days after isolation of the piece.
the base of the pharynx lies in a region toward which the intestinal contents on general contraction must be forced. The pharynx points toward a region midway between the two heads, and this is as near a posterior direction with respect to either head as would be possible without its pointing towards the other. Of course, if the pharynx were formed on the lateral side of the slip, this would not be true, but the great muscular contraction which takes place there forces pharyngeal formation to take place on the median surface. An interesting experiment to determine the relation of pharyngeal formation to tissue-polarity was performed as follows: A worm was divided by a cut passing longitudinally near the median line. The tail area became fused to the head area (Fig. 15 A) . The newly regenerated half-head fused at its base to the tip of the old tail, ~) op. cit., American Journ. of Physiology. V. p. 46. 1901. and a new pharynx was formed in the area between the fused posterior and the anterior areas of the original piece (Fig. 16/3 ). One half of the new pharynx was therefore formed from new tissue with a polarity the reverse of that of the other half.
Embryonic Freaks.
The specimens we have been considering are the result of conditions experimentally produced. Freaks, however, are not infrequent in nature. MONTI 1) has described several adult specimens of this sort. In an examination of a large number of embryos of P. maculata, capsule, I found several interesting freaks. In Fig. 16 , three of these are shown.
A and B had multiple pharynxes. C was a twin specimen; the larger individual C~, was well formed, the smaller, C 1, had an incomplete head. The two were united by their ventral surfaces through a common area, shown in C 2, which seemed to contain an intestifial cavity. This specimen was destroyed by an accident, during the process of embedding', so that no facts concerning the internal structure can be given.
Restoration of Symmetrical Form.
While the data given above show to what unusual conditions the formative factors called into play during regeneration may give rise, still the influences which tend to restore abnormal forms to normal conditions are very powerful. This is illustrated by the following example: By splitting a worm in the median lin% a two-headed form was produced (Fig. 17 A) . Each head was formed symmetrically about the tip of the axial gut of the lateral half-worm. The heads gradually fused and a new axial gut was formed in the area of fusion (Fig. 17 B) . About this the two heads became symmetrically organized into a single head (Fig': 17 C) . The eyes, however, derived from each head were retained in the new head. Numerous other examples might be given of the tendency at work in abnormally formed individuals towards transformation into a state of normal form and proportions. Indeed, it can readily be shown that, beyond a certain limit, abnormality of form cannot be supported. Thus, an individual composed of two head-areas united at the base to a single tail=area, as illustrated in Fig. 17 A, may live indefinitely, even when fusion of the two headareas is prevented. But when in turn I have split these head-areas so that an individual with four head-areas united to a single tailarea was produced, I have not been able to keep the specimen alive and intact. If the head=areas were separated from the tail-area each would give rise to a new healthy individual, as would also the tailarea. Existence is possible for planarian tissues only when certain organic relations can be established. A marked characteristic of the tissues is the tendency toward the formation of these relations. Among the most fundamental relations are those established between the body-wall on the one hand and the intestinal system upon the other. Within a given enclosed area a main intestinal trunk comes to occupy the central region in the longitudinal axis, and from Archiv s Entwickelungsmechanik. XVI. 9~
this central axial-gut lateral branches are given off when the piece exceeds a certain size. These relations of axial-gut to body are brought about in various ways. In a lateral slip containing no nerve-cord (Fig. 13 D on the right side) the tips of the lateral intestinal branches of the intestinal system of the parent become fused into an axial intestine. On the cut side but little new tissue is produced. Symmetry seems in the main to be brought about by a slight shifting of tissues.
When two separated areas become fused into a single area, as illustrated in Fig. 17 , the axial-guts of each of the separate areas give rise to median branches Fig. 18 . Experiment with a specimen in which the tail had been split. A specimen before removing the half-tail pieces. The nervous system is added from a similar specimen which was killed and sectioned. B piece from the posterior pharyngeal region showing complete axial heteromorphosis. G right tail-piece. D left tail-piece. The nervous systems.in 5' and in /) have been reconstructed from a study of serial sections.
from which in turn a new axial gut arises, while the original branches atrophy.
Here the process is far more complex than in the case of the lateral slip, but the end result is the establishment of typical enteric relations. Symmetry about the main intestinal trunk may be brought about, also, by production of new tissue on the edge nearest the trunk. Thus~ if a tail be kept split in the median line forewards into the vicinity of the pharynx, new tissue will be formed on the cut surfaces until each half-tail becomes symmetrically formed about the original posterior ramus (Fig. 18 A) . New lateral branches grow into the new areas.
While the fundamental enteric relations are those established between an axial-gut on the one hand and the body-wall upon the other, an exception to this arrangement is found in the region posterior to the base of the pharynx. Here instead of a single, branched axial-gut, a bilateral system is formed. Thus in the half-tail pieces mentioned above (Fig. 18 ) before isolation there is in each an axialgut. But if the pieces be isolated, stimuli to pharyngeal formation will be established. The new pharynx in each piece will arise anterior to the centre of the piece and slightly towards the lately formed area. From the lateral branches in this area a new posterior ramus will arise and a bilateral intestinal system will become established.
Another feature illustrated by these half-tail pieces is that when still attached to the parent worm new lateral nerve-cords arise in the newly formed areas so that in these pieces a bilaterally symmetrical nervous system is established (Fig. 18 A) . This again shows fundamental relations tending to be formed between the central nervous system on the one hand and the body-wall upon the other.
In pieces wholly or partly isolated, which contain a portion of the central nervous system and a portion of the intestinal system, the factors tending to the production of hew heads arc usually, when present, predominant above all others which tend to the establishment of typical form. In small pieces the regenerative potentiality may be thus completely used up in giving rise to a new head. l'~ext in power come the factors tending to the production of a new pharynx. At times these seem even more potent than those giving rise to new heads. The forces at work tending to the establishment of definite relations between the intestinal trunks, nerve-cords and body-wall are much less rapid in their effects, and in small pieces may be insufficient to restore the worm to a condition of normal form and proportions.
In heteromorphosis the factors at work seem to be of the same essential nature as those playing a part in the regeneration of normal individuals. Polarity apparently depends not upon a molecular condition of the tissues, but upon simple, somewhat gross tissue relations.
Summary.
1) The generalizations previously reached concerning the regeneration of normal individuals (p. 3), may likewise be applied to the phenomena of heteromorphosis.
2) If the chief coordinating centre of a given area of a planarian be exposed at a cut surface, a new head may be formed; a) posterior to a ring of tissue containing none of the central nervous system (Figs. I and 2) ; or b) posterior to a more anterior but partially disconnected area (Figs. 3, 4 , 5, 6 and 7 C).
3) Heteromorphosis may occur in lateral slips (Fig. 6 ). 4) In short cross-pieces, so isolated that the opening into the pharyngeal pocket occupies the centre of the ventral surface, heads are usually formed on both cut surfaces, but may be formed only on the anterior or only on the posterior surface. A new pharynx 2*
